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Intraaortic balloon counterpulsation was instituted in
two adult patients whose condition was rapidly deteri-
orating because of critical decompensated valvular aortic
stenosis. The acute hemodynamic effect of counterpul-
sation in these patients was compared with the effect of
counterpulsation in three control patients with unstable
angina and no aortic valve disease. Augmentation of
aortic diastolic pressure wassimilar in both groups; how-
ever, in contrast to the patients with unstable angina,
the patients with aortic stenosis had no decrease in left
ventricular systolic pressure. Counterpulsation resulted
in an increase in the transvalvular pressure gradient,
The value of intraaortic balloon counterpulsation in patients
suffering from severe symptomatic valvular aortic stenosis
is controversial and unproved. Although Bolooki (I) lists
aortic stenosis with a pressure gradient greater than 90 mm
Hg and at least moderate left ventricular dysfunction as a
relative indication for elective preoperative counterpulsa-
tion, we have been unable to locate similar recommenda-
tions. In three large series (2-4) (1,284 cases total), there
was no specific mention of preoperative counterpulsation
for isolated aortic stenosis. At least some of the skepticism
about counterpulsation in tlils setting stems from uncertainty
regarding the degree of systolic unloading that is possible
when there is overwhelmihg mechanical obstruction be-
tween the left ventricle and the intraaortic balloon. This
concern is especially germane in light of studies (5) sug-
gesting that systolic unloading is the predominant mecha-
nism by which counterpulsation relieves myocardial isch-
From the Departments of Medicine and Surgery, Veterans Adminis-
tration Medical Center, West Roxbury and Brockton, Massachusetts and
Brigham and Women's Hospital and Harvard Medical School, Boston,
Massachusetts. This study was supported in part by the Medical Research
Service, U.S. Veterans Administration. Manuscript received August 13,
1984; revised manuscript received dctober 16, i984, accepted October
31, 1984. I
Address for reprints: Edward D. Folland, MD, Cardiac Catheterization
Laboratory, Veterans Administration Medical Center, 1400 V.F.W. Park-
way, West Roxbury, Massachusetts 02132.
© 1985 by the American College of Cardiology
which was associated with a slight increase in stroke
volume. In both patients with aortic stenosis, the insti-
tution of counterpulsation resulted in marked clinical
improvement, which facilitated successfulvalve replace-
ment surgery.
The benefit from counterpulsation in critically de-
compensated aortic stenosis appears to be derived almost
entirely from augmentation of the diastolic coronary fill-
ing gradient. The improvement that results from coun-
terpulsation suggests that ischemia is the major cause of
decompensation.
(J Am Coil CardioI1985;5:71l-6)
emia in unstable angina. Furthermore, emergency valve
replacement is generally considered to be the most appro-
priate therapy in patients with critical aortic stenosis who
have developed intractable hypotension, pulmonary edema
or myocardial ischemia. The primary goal is often to get
these patients to the operating room as soon as possible.
Unfortunately, practical circumstances (availability of op-
erating rooms, distance from surgical centers or compli-
cating medical conditions) can create delays that may prove
to be fatal for a patientwhose condition is rapidlydeteriorating.
This study describes two patients with medically intract-
able cardiac decompensation due to critical valvular aortic
stenosis in whom intraaortic balloon counterpulsation was
successfully employed as a temporary measure before de-
finitive treatment with aortic valve replacement. The ra-
tionale for trying balloon counterpulsation in these patients
was based on the hypothesis that diastolic augmentation of
aortic pressure would improve coronary perfusion and re-
duce ischemic myocardial dysfunction even in the absence
of systolic left ventricular unloading. To define the hemo-
dynamic effect of counterpulsation in these patients, left
ventricular and aortic pressures were simultaneously re-
corded with and without counterpulsation. The relative de-
grees of systolic left ventricular unloading and diastolic
aortic pressure augmentation in these two patients were com-
pared with similarly performed measurements of unloading
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and augmentation in three patients undergoing counterpul-
sation for unstable angina who did not have aortic valve
obstruction.
Methods
Case J
A 61 year old man was referred because of intractable
pulmonary edema and hypotension due to suspected severe
aortic stenosis . On physical examination he was thin. con-
fused. orthopneic and jaundiced. The pulse rate was 90/min ,
respirations were labored and systolic blood pressure was
70 mm Hg. The carotid pulses were barely palpable. Rales
were heard throughout both lung fields. Cardiac sounds were
distant and a systolic ejection murmur was heard at the base
radiating into the neck. Massive edema and ascites were
present. The electrocardiogram revealed left ventricular hy-
pertrophy with strain . A portable chest radiogram showed
congestive heart failure and cardiomegaly . An echocardio-
gram was technically limited, but suggested aortic stenosis
with poor global left ventricular function . The serum bili-
rubin was 7 rng/dl and prothrombin time 17 seconds (control
12 seconds) . Bedside right heart catheterization revealed a
pulmonary capillary wedge pressure of 30 mm Hg.
Counterpulsation therapy. Because death appeared
imminent and because of uncertainty regarding the patient's
ability to withstand induction of anesthesia . a percutaneous
intraaortic balloon was inserted and counterpulsation begun.
Within 12 hours, the pulmonary capillary wedge pressure
had decreased to 22 mm Hg, the patient's mental state had
cleared and he was able to lie flat comfortably. Transseptal
left heart catheterization was performed, revealing a mean
aortic valve gradient of 42 mm Hg (Fig. 1), cardiac output
of 2.3 liters/min and calculated aortic valve area of 0.3 ern",
There was an isolated 50% stenosis of the left anterior de-
scending coronary artery . Because of the patient's clinical
improvement, counterpulsation was continued for an ad-
ditional day. The patient's serum bilirubin had already de-
creased to 6 mg/dl.
Surgery. 'On the third hospital day, during induction of
anesthesia, peak aortic pressure decreased from 80 to 60
mm Hg, but this stabilized and the patient 's severely cal-
cified stenotic aortic valve was excised and replaced with a
23 mm Bjork-Shiley prosthesis. After rewarming, the pa-
tient's heart defibrillated easily and he was weaned from
bypass with minimal inotropic support. There was no un-
usual bleeding . The intraaortic balloon was removed 2 days
postoperatively. Liver function progressively improved and
the patient made a smooth recovery . He is doing weIl I year
later.
Case 2
A 46 year old man was referred because of refractory
congestive failure and hypotension in the setting of acute
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Figure 1. Case I. Effect of intraaortic counterpulsation on left
ventricular (LV) and aortic (Ao) pressure in a patient with severe
aortic stenosis. Note the absence of noticeable change in left ven-
tricular pressure and the increase in aortic diastolic pressure as
counterpulsation begins .
myocardial infarction and presumed critical aortic stenosis.
At age 35, he had an anteroseptal myocardial infarction . At
age 37 he had two cerebrovascular accidents in the right
middle cerebral distribution, but he recovered well. At age
45, he developed bilateral leg claudication. Despite severe
dyspnea (New York Heart Association functional class III),
he refused further evaluation until he was hospitalized with
inferior myocardial infarction 2 days before referral. Peak
serum creatine kinase was 710 units (normal < 250) . Pul-
monary edema ensued and was complicated by hypotension
when diuresis was attempted .
On physical examination , the patient was acutely dis-
tressed with dyspnea . Pulse was llO/min and systolic blood
pressure was 90 mm Hg. The carotid pulses were diminished
and delayed. Rales were heard throughout both lung fields.
A loud ejection click was followed by a systolic ejection
murmur at the base radiating into the neck. The electro-
cardiogram was interpreted as showing old transmural an-
terior infarction and recent transmural inferior infarction . A
portable chest radiograph displayed bilateral pulmonary
edema . Bedside right heart catheterization revealed a pul-
monary capiIlary wedge pressure of 30 mm Hg. Echocardi-
ography displayed a grossly thickened aortic valve that formed
a dome during systole with a poorly defined opening . There
was extensive anterior , apical and lateral akinesia with gross
left ventricular enlargement. Results of blood cultures were
negative .
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Counterpulsation therapy. Because the contribution of
aortic stenosis to the patient's hemodynamic problem was
uncertain, left heart catheterization was planned. During
attempted retrograde crossing of the aortic valve, the patient
developed ischemic chest pain and increased elevation of
ST segments in the inferior leads that were involved in the
acute infarction 2 days previously. The ischemia failed to
respond to nitroglycerin. Aortic systolic pressure decreased
to 50 mm Hg despite an elevated pulmonary capillary wedge
pressure. A percutaneous intraaortic balloon was inserted
and counterpulsation begun. Within 15 minutes, the pain
had resolved, ST segments returned to baseline and peak
aortic pressure had stabilized at 90 mm Hg. Coronary ar-
teriography was performed uneventfully and, surprisingly,
revealed that the coronary arteries were entirely normal with
the exception of an intraluminal filling defect in a distal
posterolateral branch of the right coronary artery. Left ven-
tricular ejection time (305 ms), which was measured from
the central aorta, was 6 standard deviations above the mean
rate-corrected normal value and suggested severe aortic ste-
nosis. No further attempt was made to cross the aortic valve.
Surgery. Because of the patient's clinical improvement
with counterpulsation, surgery was postponed to the fol-
lowing day. While under anesthesia, but before institution
of cardiopulmonary bypass, simultaneous ascending aortic
and left ventricular pressures were measured by direct needle
puncture with counterpulsation off and on (Fig. 2, upper
panel). The mean aortic valve gradient was 54 mm Hg
(counterpulsation off). Subsequently a very bulky, friable,
severely stenotic aortic valve was excised and replaced with
a 23 mm Bjork-Shiley prosthesis. A fragment of material
that grossly resembled aortic valve tissue was removed from
the posterolateral branch of the right coronary artery and
the access arteriotomy was sutured to a saphenous vein
bypass from the aorta. Extensive old and recent myocardial
infarction was evident. Weaning from cardiopulmonary by-
pass was slow and required considerable pressor support.
Severe adult respiratory distress syndrome was present dur-
ing the first 3 postoperative days. The balloon was removed
on the sixth postoperative day and the patient made a slow
but progressive recovery thereafter. He was discharged well
on the 28th postoperative day.
Figure 2. Comparison of the effect of intraaortic counterpulsation
in a patient with (Case 2, top) and without (control, Case 3,
bottom) severe aortic stenosis. Simultaneous recordings of left
ventricular (LV) and aortic (Ao) pressures with (left side) and
without (right side) intraaortic balloon counterpulsation. Note the
contrast in reduction of left ventricular pressure resulting from
counterpulsation in the two cases.
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Comparison Cases
Three patients undergoing intraaortic counterpulsation for
unstable angina with no clinical or hemodynamic evidence
of aortic valve disease had simultaneous left ventricular and
aortic pressures recorded with and without counterpulsation
during diagnostic catheterization in the same fashion as the
two patients with aortic stenosis. Left ventricular pressure
was measured through an 8F pigtail catheter and central
aortic pressure through the inner lumen of the intraaortic
balloon (Fig. 2, lower panel).
Hemodynamic Measurements
All pressures were measured with fluid-filled systems
using Statham P23ID transducers and an Electronics for
Medicine physiologic recorder. Before the study tracings
were recorded, the balloon was turned off for 30 seconds.
Aortic and left ventricular pressures were recorded contin-
uously (100 mmls in four cases, 25 mmls in Case I) while
counterpulsation was restarted. Pressure tracings analyzed
for " off balloon" and "on balloon" measurements were
the last three fully nonpumped beats and the first three fully
pumped beats, respectively. In Case I, cardiac output was
also measured by dye dilution (Lexington Instruments) while
off balloon and while on balloon. Each reported value was
the average of three consecutive measurements.
" Lef t ventricular mean pressure " was defined as the
mean systolic left ventricular pressure measured by hand
planimetry while the aortic valve was open. Although this
approachexcludes the periods of isovolumiccontractionand
relaxation, it rendered the least ambiguous and most repro-
ducible definition of systole in these patients. "Diastolic
coronary gradient" was defined as the mean diastolic gra-
dient measured by hand planimetry between aortic and left
ventricular pressure while the aortic valve was closed.
Timing ofballoon inflation and deflation was individually
adjusted in each patient for optimal diastolic augmentation
and systolic unloadingas judged from central aortic pressure
tracings.
Aortic valve area was calculated from the mean gradient
using the Gorlin formula (6).
Results
Systolic hemodynamics. The effect of counterpulsation
on systolic left ventricular pressure was strikingly different
in the patients with aortic stenosis compared with the control
patients (Table I, Fig. 3). In those with aortic stenosis,
counterpulsation caused very little reduction in left ventric-
ular pressure. Peak systolic pressure decreased by 2 mm Hg
(I %) and mean systolic pressure was unchanged (in Case
I it increased by 2 mm Hg, in Case 2 it decreased by 2 mm
Hg), even though mean systolic aortic pressure decreased
by 4 mm Hg. This decrease in mean systolic aortic pressure
was not transmitted to the left ventricle because of a 4 mm
Hg increase in mean systolic aortic valve gradient in both
cases. This contrasts with the control patients in whom peak
systolic left ventricular pressure decreased by II mm Hg
(10%) and mean systolic ventricular pressure decreased by
13mm Hg (13%). This 13 mm Hg decrease in mean systolic
left ventricular pressure in the control cases was closely
paralleled by a 14 mm Hg decrease in the mean systolic
aortic pressure. In Case I , cardiac output was 2.3 liters/min
with the balloon off and 2.6 liters/min with the balloon on
(Table 2). This increase in output is appropriate to the mea-
sured increase in aortic valve gradient (4 mm Hg) because
the calculated aortic valve areas are essentially the same for
the two hemodynamic states (0.30 ern? off balloon and 0.31
em? on balloon). A 13% increase in cardiac output such as
this is 2 standard deviations from the mean of repeated
Table 1. Pressure Measurements (mm Hg) With and Without (on and off) Intraaortic Balloon Counterpulsation in Two Patients With
and Three Control Patients Without Severe Aortic Stenosis
Left Ventricular Mean Aortic DiastolicAortic Coronary
Peak Mean Valve Gradient Systolic Diastolic Gradient*
Patient Off On Il Off On Il Off On Il Off On Il Off On Il Off On A.
Aortic stenosis
I 130 129 - I 95 97 +2 42 46 + 4 53 51 - 2 55 62 + 7 31 41 + 10
2 137 135 -2 108 106 - 2 54 58 + 4 54 48 -6 49 59 + 10 31 40 + 9
Average 134 132 -2 102 102 0 48 52 + 4 54 50 -4 52 61 +9 31 41 + 10
Control
1 110 95 - 15 92 72 -20 92 66 -26 66 82 + 16 32 48 + 16
2 103 90 - 13 91 78 - 13 82 74 - 8 54 76 +2 2 49 64 + 15
3 132 126 - 6 112 104 -8 110 102 - 8 83 97 + 14 60 76 + 16
Average 115 104 - I I 98 85 - 13 95 81 -14 68 85 + 17 47 63 + 16
*Diastolic coronary gradient isthe mean gradient between aortic and left ventricular pressure during diastole . Il = difference; - = negligible aortic
valve gradient.
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measurements using dye dilution in our laboratory (unpub-
lished data).
Diastolic hemodynamics. The effect of counterpulsa-
tion on aortic diastolic pressure and diastolic coronary gra-
dient was very similar in the patients with aortic stenosis
and control patients (Table I, Fig. 3). Aortic diastolic mean
pressure was increased by 9 mm Hg in the patients with
aortic steno sis and 17 mm Hg in the control patients . The
diastolic coronary gradient increased by 10 mm Hg in the
patient s with aortic steno sis and by 16 mm Hg in the cont rol
patient s. When expre ssed relative to basel ine pressures, the
changes in diastolic coron ary gradient are virtuall y identical
(32% increase for the patients with aortic stenosis and 34%
for the control patient s) (Fig. 3) .
Discussion
Benefits of counterpulsation. In typical unstable an-
gina, the hemodynamic benefits of intraaortic counterpul-
sation are probably twofold : myocardi al work and oxygen
consumption may be reduced through the mechanism of sys-
tolic left ventricular unloading (5) and coronary perfusion
may be increased throu gh the mechani sm of diastolic aortic
pressure augmentation (7) . In our two patient s with critical
decompensated aortic stenosis , minimal if any systolic un-
loading occurred. The decrease in aortic systolic pressure
Table 2. Case I. Cardiac Output and Aortic Valve Gradient
and Area in a Patient With Severe Aortic Stenosis With and
Without (on and off) BalloonCounterpulsation
Aortic Valve Aortic Valve
Cardiac Outpu t Gradient Area
(liters/min) (rnrn Hg) (crrr' )
Balloon off 2.3 42 0 .30
Balloon on 2.6 46 0 .31
Change + 0 .3 ( + 13%) + 4 (+ 10%) + 0 .0 1 (+3%)
from counterpulsation was matched by an increase in aortic
valve gradient due to increased stroke volume. Neverthe-
less, the clinical respon se of our two patients was unmis-
takable and dramatic. By exclusion , it appears that this
benefit was derived from the 32% augmentation of the di-
astolic coronary gradient , suggesting that ischemia plays an
important role in the decompensation of critical aortic ste-
nosis . Clearly , ischemia was present in the second patient
in whom hemodynamic decompensation was accompanied
by anginal chest pain and ST segment changes . Although
clin ical evidence for ischemia was less obvious in the first
patient , ST segment depression , which was present in lead
V6 of the electrocardiogram taken before balloon insertion ,
was absent in the tracing taken on the day after insert ion.
Role of ischemia in aortic stenosis. Subendocardial
malperfusion has been implicated in experimental animals
and in patients with valvular and supravalvular aortic ste-
nosis even in the absenc e of coronary artery obstruction .
As an index of subendocardial ischem ia, Vincent et al. (8)
developed a ratio of diast olic pressure-time index (product
of mean diastolic coronary gradient and time) to systolic
pressure-time index (product of mean systolic left ventric-
ular pressure and time ). In canine model s, relati ve suben-
docardial malperfusion was present when the index was less
than 0 .7 . Index ratios in the 17 patients studied by Vincent
et al. without left ventricular outflow obstruction were all
greater than 0.70. Ratios in their case s of valvular and
supravalvular aortic stenosis were 0 .25 and 0.39, respec-
tively. The Vincent index in our two cases of aortic stenos is
increased from 0.41 and 0.32 to 0.49 and 0.41 , respect ively,
when balloon pumpin g was instituted .
Effect of counterpulsation on coronary blood
flow. There are conflicting report s about the effect of di-
astolic balloon augmentation on coronary blood flow in hu-
man subjects . Those investigators finding variable flow (9)
or reduced flow (5) have concluded that the primary salutary
effect of counterpulsation on myocardial ischemia is through
716 FOLLAND ET AL.
COUNTERPULSATION IN AORTIC STENOSIS
rxcc Vol. 5, No.3
March 1985:711-6
systolic unloading of the left ventricle. In contrast, Mueller
et al. (10) noted a 40% increase in coronary blood flow
during counterpulsation in patients with acute infarction.
Fuchs et al. (7) found that coronary blood flow increased
during counterpulsation in direct proportion to the increase
in aortic diastolic pressure. They suggested that the variable
effect seen on coronary flow by others might be related to
autoregulation of flow in patients with less severe disease.
The clinical success of balloon counterpulsation in our pa-
tients is indirect evidence supporting the positive effect of
diastolic aortic pressure augmentation on coronary flow in
ischemic states.
Relation of left ventricular pressure and work. In our
study, only the last three nonpumped beats and first three
fully pumped beats after initiation of counterpulsation were
analyzed to minimize the effect of other variables that may
be influenced as an indirect or delayed result of counter-
pulsation. The measurements, therefore, represent only the
immediate and direct effect of counterpulsation. Although
it is possible that some reduction in myocardial work did
occur through a reduction in mean systolic radius resulting
from increased stroke volume and reduced end-systolic vol-
ume, this effect is less important than pressure as a deter-
minant of myocardial work (11).
Potential contraindication. Aortic regurgitation is
frequently present to some degree in patients with aortic
stenosis. Experimental work (12) with intraaortic counter-
pulsation in dogs with controlled degrees of acute aortic
regurgitation indicates that even though regurgitant volume
increases during counterpulsation, stroke volume increases
to a greater extent, resulting in a net increase in forward
flow. These findings have not been verified in human sub-
jects and should not negate the widespread belief that severe
aortic regurgitation is a contraindication to counterpulsation.
They do, however, suggest that one need not necessarily be
concerned about mild or clinically inapparent degrees of
aortic regurgitation that may accompany severe aortic ste-
nosis. Neither of our two patients had clinical evidence of
regurgitation.
Conclusion. Intraaortic balloon counterpulsation should
be considered as a temporary supportive option in patients
with decompensated critical aortic stenosis. Counterpulsa-
tion not only stabilized the rapidly deteriorating condition
of our two patients but also improved their status sufficiently
to allow successful definitive surgery at a more opportune
time.
We acknowledge Satish Sharma, MD and Michael Zile, MD for referring
the patients with aortic stenosis to us. We thank David W. Bromley, Donna
Kantarges and Clare Smith for typing the manuscript.
References
I. Bolooki H. Elective and emergency use of the intra-aortic balloon
pump in cardiac surgery. In: Bolooki H, ed. Clinical Application of
the Intra-aortic Balloon Pump. Mount Kisco, NY: Futura, 1977:462.
2. McEnany MT, Kay HR, Buckley MJ, et al. Clinical experience with
intra-aortic balloon pump support in 728 patients. Circulation
1977;58(suppl 1):1-124-32.
3. Pennington DG, Swartz M, Codd JE, Merjavy JP, Kaiser GC. Intra-
aortic balloon pumping in cardiac surgical patients: a nine-year ex-
perience. Ann Thorac Surg 1983;36:125-31.
4. Macoviak J, Stephenson LW, Edmunds LH, Harken A, MacVaugh
H. The intra-aortic balloon pump: an analysis of five years' experience.
Ann Thorac Surg 1980;29:451-8.
5. Williams DO, Korn KS, Gewirtz H, Most AS. The effect of intraaortic
balloon counterpulsation on regional myocardial blood flow and ox-
ygen consumption in the presence of coronary artery stenosis in pa-
tients with unstable angina. Circulation 1982;66:593-7.
6. Gorlin R, Gorlin G. Hydraulic formula for calculation of area of
stenotic mitral valve, other cardiac valves and central circulatory shunts.
Am Heart J 1951;41:1-29.
7. Fuchs RM, Brin KP, Brinker JA, Guzman PA, Heuser RR. Yin FCP.
Augmentation of regional coronary blood flow by intra-aortic balloon
counterpulsation in patients with unstable angina. Circulation
1983;68:117-23.
8. Vincent WR, Buckberg GO, Hoffman HE. Left ventricular suben-
docardial ischemia in severe valvar and supravalvar aortic stenosis.
A common mechanism. Circulation 1974;49:326-33.
9. Powell WJ, Daggett WM, Magro AE, et al. Effects of intra-aortic
balloon counterpulsation on cardiac performance, oxygen consumption
and coronary blood flow in dogs. Circ Res 1970;26:753-64.
10. Mueller H, Ayres SM, Conklin EJ, et al. The effects of intra-aortic
counterpulsation on acute myocardial infarction. J Clin Invest
1971;50:1885-900.
II. Sarnoff SJ, Braunwald E, Welch GH Jr. Case RB, Stainsby WN,
Macruz R. Hemodynamic determinants of oxygen consumption of the
heart with a special reference to the tension-time index. Am J Physiol
1958;192:148-56.
12. Yellin E, Levy L, Bregman 0, Frater R. Hemodynamic effects of
intra-aortic balloon pumping in dogs with aortic incompetence. Trans
Am Soc Artif Intern Organs 1973;19:389-94.
